Introduction
The impact of soil texture on the selection of nesting sites by the Malachite Kingfisher (Alcedinidae: Alcedo cristata Pallas 1764) PO Box 190, Kinshasa XI, Democratic Republic of Congo * Corresponding author, The first granulometrical analysis of soil samples from nesting banks of the Malachite Kingfisher Alcedo cristata is reported. In total 56 samples from the Kinshasa area were analysed. Three standardised particle size fractions were determined in all groups of samples (percentage of sand, clay and silt). Mean particle percentage of soil samples from banks occupied by Malachite Kingfishers averaged 10.8 ± 6.1 of silt, 11.6 ± 6.5 of clay and 81.4 ± 11.4 of sand. A significant difference was found in the proportion of clay between banks with and without kingfisher nests. The results of the present study hence suggest that, as has been documented in other burrowing bird species, soil texture determines the selection of nesting sites in the Malachite Kingfisher. Our results indicate that even a slight difference in the proportion of clay can substantially affect the suitability of banks for the establishment of nests. In fact, burrowing birds must find suitable soils whose structure allows for a good compromise between stability and hardness to dig out, which poses an energy challenge just before the breeding season.
Soil texture is a factor of prime importance controlling the distribution, frequency and reproductive success of burrowing birds (Heneberg 2004) . For instance, the soil of the banks used by Bee-eaters Merops apiaster contains a load of sand particles between 28.0 and 9.2 μm that is 20 times higher than that of the banks used by Sand Martins Riparia riparia (Henerberg 2004 , Yuan et al. 2006 . In particular, soil grain size determines the depth of the tunnels, which in turn correlates with the reproductive success (Heneberg 2009 ). In Sand Martins and the European Kingfisher Alcedo atthis, Heneberg (2001 Heneberg ( , 2004 demonstrated that the highest rates of reproductive success are achieved in areas with a soil texture of <900 μm and 40 000 μm, respectively.
The impact of this factor has, however, been the focus of a strikingly low number of studies, with a severe lack in tropical areas. In the Kinshasa area, the dense hydrographic network of rivers with steep banks, large prey availability, and fairly slow runoff, appears at first sight highly suitable for burrowing birds. Yet, only an extremely low number of sites actually hosts nesting populations of the Malachite Kingfisher Alcedo cristata. In this paper, we compare soil granulometry in river banks with and without nesting colonies to determine whether this factor controls the selection of nesting sites and document the range of soil conditions that are suitable for nesting in that species.
Material and methods
The Kinshasa area (9.965 km 2 ) was surveyed from 2004 to 2009 for the presence of nesting sites. In total, 56 sites exhibiting appropriate habitat conditions for the Malachite Kingfisher, including presence of perches (Monadjem and Owen-Smith 1994 , Siikamäki 1998 , Bonnington et al. 2007 ), prey availability (Woodall 1991, Libois and Laudelout 2004) , water with low turbidity levels (Douthwaite 1976 , Eriksson 1985 , Martin 1987 ) and slow runoff (Peris and Rodriguez 1996) were surveyed. A soil sample of 500 g was collected at each site for subsequent analysis of granulometry. After the removing of organic matter following a treatment with 30% H 2 O 2 0.01N HCl, the sand fraction was separated using a dry sieve with a 63 μm grain size and further characterised using a grain size of 100, 250, 500, 1 000 and 2 000 μm. The silt and clay fractions were quantified using Köhn's method. The different fractions were classified following the USDA's textural triangle (Richer de Forges et al. 2008) .
Differences in granulometry were sought between sites with and without evidence of nesting using Student's t-test.
Results
Of the 56 banks surveyed, 68% were used at least once by the Malachite Kingfisher between 2004 and 2009. The granulometry of bank soils with and without evidence for nesting activity is presented in Appendix 1 and summarised in Table I. The t test revealed a significant difference in the proportion of clay between banks with and without kingfisher nests (t = 3.27, p < 0.05). The proportions of sand and loess were, by contrast, not significantly different.
Discussion
Previous studies on the selection of nesting sites in the Malachite Kingfisher emphasised the importance of perch availability (Monadjemand Owen-Smith 1994, Siikamäki 1998 , Bonnington et al. 2007 , water depth and transparency (Douthwaite 1976 , Eriksson 1985 , Martin 1987 , prey availability and disturbance levels (Woodall 1991 , Libois and Laudelout 2004 , Imboma and Nalianya 2007 . The results of the present study further suggest that, as has been documented in other burrowing bird species (Heneberg 2009) , soil texture determines the selection of nesting sites in the Malachite Kingfisher. Our results indicate that even a slight difference in the proportion of clay can substantially affect the suitability of banks for the establishment of nests. In fact, burrowing birds must find suitable soils whose structure allows for a good compromise between hardness and stability (Gilroy et al. 2008) .
On the one hand, a sufficient clay content must be present to ensure the stability of the nest and decrease the risk of collapsing (Heneberg 2004) . Since the depth of the nest regulates the rates of nesting success, soil texture and structure are, hence, factors of prime importance in the ecology of burrowing birds (Heneberg 2001) . In fact, a significant correlation was found between the depth of the nest and soil texture in Sand Martins. Soils with a grain size of <900 μm hosted deeper nests than soils with a coarser texture. The European Kingfisher Alcedo atthis is restricted to sites wherein soil texture is such that grain size never exceeds 40 000 μm (Heneberg 2004 ). In the Kinshasa area, it seems that a level of 7% clay, in conjunction with an average silt content of 10%, is sufficient to prevent nests from collapsing.
On the other hand, a soil that is hard to dig out will pose an energy challenge just before the breeding season. Soil type is predominant among the environmental factors affecting the costs and benefits of nesting strategies of burrowing birds (Heneberg 2004 ). In the first papers dealing with the relationship between nesting of burrowing birds and soil properties, Petersen (1955) and Sandmann-Funke (1972) demonstrated that if the soil contains too much clay, it is too hard to allow for digging. Several reports dealt with the clay content and stated that the clay content should generally be <10% (Petersen 1955) . Information on the energy cost of reproduction in the Malachite Kingfisher are lacking. Similar studies in the owl Tyto alba showed for instance that body size of the female increases 20 d before egg-laying, whereas egg development in the ovary starts only 15 d before that period (Blondel et al. 1999 , Durant 2000 . In order to avoid any deficit, birds must hence adjust their energy balance, taking the cost of the different activities and food availability into account (Ricklefs 1968 , Durant 2000 . Different nesting bird species in sympatry thus partition the environment along pedological gradients. For instance, Bee-eaters and Sand Martins establish their nests in banks with contrasting soil texture to avoid competition (Heneberg 2009 
